Relative role of alkalosis and sodium ions in reversal of class I antiarrhythmic drug-induced sodium channel blockade by sodium bicarbonate.
Hypertonic sodium salts are used to treat sodium channel-blocking drug cardiotoxicity. The relative roles of alkalinization and increased sodium concentration ([Na+]o) for various drugs are incompletely known. The effects of four class I drugs on action potential characteristics of canine Purkinje fibers at equieffective concentrations (disopyramide 30 mumol/L, mexiletine 80 mumol/L, flecainide 7 mumol/L, imipramine 5 mumol/L) were studied in the presence of normal Tyrode solution and one altered solution (increased [Na+]o, increased bicarbonate concentration, or both) in each experiment. Combined increases in sodium and bicarbonate concentration significantly reduced the depressant effects of flecainide, imipramine, and mexiletine on phase 0 upstroke (Vmax) but did not alter the effects of disopyramide. The effects of sodium bicarbonate were entirely due to alkalinization in the case of imipramine, but both alkalinization and increased [Na+]o contributed to the interaction with flecainide and mexiletine. The reversal of Vmax depression by increased [Na+]o and pH was due in part to hyperpolarization. In addition, alkalosis directly reversed the hyperpolarizing shift in Vmax inactivation caused by flecainide and imipramine without altering the shift caused by disopyramide and mexiletine. Increases in sodium bicarbonate concentration reverse the effects of class I antiarrhythmic drugs to a varying extent, with drug-specific contributions of the sodium and bicarbonate moiety. The molecular basis for this drug specificity remains to be elucidated, but it has important potential implications for the use of hypertonic sodium salts to treat cardiotoxicity caused by sodium channel-blocking drugs.